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Background: Regular participation in moderate-to-vigorous physical activity (MVPA) is important to manage obesity.
Physical education (PE) is considered to play an important role in promoting lifelong participation in physical activity
(PA) because it provides an existing network where cost-effective interventions can be implemented to produce
sustainable change in health behavior. However, the association between compulsory school PA (e.g., PE lessons) and
body composition levels has received mixed support in the literature. Therefore, the present study aimed to investigate
whether a school-based intervention targeting salient PA benefits and barriers grounded on the theory of planned
behavior would promote young people’s participation in MVPA during leisure time and reduce body mass index (BMI)
of overweight students.
Methods/design: A total of 171 students from 3 secondary schools in Singapore underwent the control condition
followed by the intervention condition. Both the conditions consisted of PE lessons twice per week over 4 weeks. In
the control condition, PE teachers encouraged students to participate in PA during leisure time without providing
persuasive message. While in the intervention condition, PE teachers delivered persuasive messages that targeted the
salient benefits and barriers associated with PA to the students at the last 5 to 10 min of each PE lesson. PA levels over
a week were measured objectively with wrist-mounted GENEActiv Original accelerometers and subjectively with self-
reporting questionnaires three times (Baseline, Post 1, and Post 2) in each condition. Student’s self-reported PA level
was measured using the Leisure-Time Physical Activity Participation Questionnaire and the International Physical
Activity Questionnaire, and their attitudes, intentions, subjective norms and perceived behavior control towards leisure-
time PA were measured with a questionnaire based on the theory of planned behavior. Furthermore, students’
intention, determination and willingness to engage in leisure-time PA were compared with the other activity (e.g.,
doing homework, shopping).
Discussion: This study will provide the evidence on the effectiveness of a cost-effective school-based intervention on
reducing BMI of overweight students through promoting sustained participation in leisure-time PA. It will also address
methodological issues on the gaps between objective and subjective measures of PA.
Trial registration: This trial is registered with the ISRCTN registry (ISRCTN73786157, 26/10/2017, retrospectively
registered).
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Ministries and organizations worldwide have recognized
that adopting moderate-to-vigorous physical activity
(MVPA) is an important strategy to help manage obesity
while at the same time improves mood by assisting indi-
viduals to cope with stress [1]. There is a close relation-
ship between physical activity (PA) and productivity
where individuals who engaged in regular PA experience
higher levels of psychological well-being and are more
productive in school or at workplace as compared to
individuals who are physically inactive [2].
Physical education (PE) in schools is considered to
play an important role in promoting lifelong participa-
tion in PA because it provides an existing network where
cost-effective interventions can be implemented to pro-
duce sustainable change in health behavior [3–5]. In fact,
one of PE goals highlighted by Singapore Ministry of
Education is associated to the benefits of living a physic-
ally active and healthy life through regular participation
in PA [6]. However, teachers and health professionals
have found it challenging to motivate children to engage
in PA via school-based interventions [7, 8]. A study [9]
demonstrated that provision of compulsory school PA
was not associated with participation in PA, fitness or
body composition levels (e.g., body mass index [BMI]) in
adulthood. Findings of systematic review and meta-
analytic studies also rose questions about the value of
school programs on improving BMI [10, 11].
Theoretical framework
Interventions are likely to be successful with motivating
individuals to participate in PA when they are based on
rigorous theory and their content is informed by theories
of human motivation [12, 13]. This is supported by a
growing body of literature that shows that theory-based
interventions produce more sustainable changes in
leisure-time PA when compared to interventions that
are not based on theory [14]. For example, intervention
programs that were based on the theory of planned be-
havior (TPB) were found to be effective in promoting
PA [15–18]. Although intervention programs based on
the TPB have been conducted to university students,
adults or the senior citizens, there is relative dearth of
research that targeted the promotion of health behaviors
in classroom settings. To fill the gaps in literature, it is
useful to develop a school-based intervention program
by adopting Ajzen’s TPB [19] and evaluate its effective-
ness in promoting MVPA during leisure time.
Only a few studies have been conducted to test the
effectiveness of the TPB in promoting PA during leisure
time among young people [20, 21]. Consistent with the
theory, the studies showed that the effectiveness of inter-
ventions depends on two factors: (a) information saliency
and (b) the types of beliefs communicated duringintervention periods. As for the first factor, school-based
interventions were found to be effective when they com-
municated salient information that adolescents “felt” per-
sonally relevant or important to themselves [20, 21]. For
example, persuasive messages that emphasized on enjoy-
ment of leisure-time PA elicited more positive responses
than those that emphasized on reducing the risk of cardio-
vascular diseases since adolescents perceived getting a
heart attack as a remote prospect for them [20].
The second factor is related to the types of beliefs
communicated during intervention periods. According
to the TPB, interventions may target behavioral beliefs
by emphasizing salient benefits or de-emphasize disad-
vantages associated with PA through attitudes (individ-
uals’ positive vs. negative evaluations toward PA) and
intentions (the extent to which individuals are willing to
exert effort towards performing PA). Alternatively, inter-
ventions may target normative beliefs which emphasize
the attitudes of significant others (e.g., attitudes of
teachers or parents) towards PA. The interventions that
target normative beliefs are likely to influence PA par-
ticipation through subjective norms (individuals’ beliefs
about whether significant others approve or disapprove
PA participation) and intentions. Further, interventions
may assist people to overcome salient barriers by target-
ing control beliefs. Interventions that target control
beliefs are likely to affect PA participation through
perceptions of their behavior control (individuals’ beliefs
about whether they possess the necessary resources or
skills to perform PA or overcome barriers) and inten-
tions. The model underpinning the TPB is presented in
Fig. 1. A pilot study was recently conducted to examine
the effectiveness of a school-based program in promot-
ing leisure-time PA for secondary school students [21].
The intervention program targeted on salient benefits
and barriers to doing PA. To examine the duration of
the intervention program, it was conducted over 8 weeks
to half of the participants but only for 4 weeks to the
other half of the participants. Results of the pilot study
revealed that regardless of the intervention duration, the
average leisure-time PA increased from the baseline to
the midpoint of the intervention period (4 weeks after
the baseline) and it was maintained until the end of the
program (8 weeks after the baseline). Although these
results were encouraging, the pilot study had several
limitations. First, the usefulness and cost-effectiveness of
the intervention program on reducing BMI were not
evaluated. Second, the PA participation was measured
only with self-reported questionnaires and the sustained
leisure-time PA level was not assessed with an objective
measure. Finally, there was no comparison on the effect-
iveness of the intervention with those who did not re-
ceive an intervention as the pilot study did not include a
control group.
Fig. 1 Model of the theory of planned behavior
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The present study aimed to investigate whether a
school-based intervention targeting salient PA benefits
and barriers grounded on the TPB would promote young
people’s participation in MVPA during leisure time and
reduce BMI of overweight students.
It was hypothesized that a) the proposed school-based
intervention program grounded on the TPB would be use-
ful to promote young people’s participation in MVPA dur-
ing leisure time (H1), b) overweight student’s BMI would
be reduced after the intervention, compared to their BMI
in the control condition (H2), and c) the effects of the
intervention program on PA intentions and participation
as well as BMI would be medicated by students’ attitudes
and perceptions of behavior control (H3).
Methods/design
Study design
The Institutional Review Board at Nanyang Techno-
logical University (Singapore) provided ethical approval
for the current study. Although the study was originally
planned to conduct as a cluster-randomized controlled
trial, the original plan had to be changed due to great
difficulty in recruiting schools. This study adopted a 2
(type of conditions: control vs. intervention targeting sa-
lient PA benefits and barriers) × 3 (measurement points:
Baseline, Post 1 and Post 2) within-subjects design in
which all participants underwent the control condition
followed by the intervention condition. Figure 2 provides
the flow of the study design.
Participants
A total of 171 students aged 13 to 16 years old and at-
tending co-educational secondary schools voluntary par-
ticipated in the present study. All secondary schools in
Singapore were invited to participate in the study via e-
mail through publicly available contact details. The re-
search team also attended a meeting with school princi-
pals to invite their schools to participate in the study.
The three secondary schools whose principal granted
permission were included in the study, and approval for
data collection at the schools was also obtained from
Singapore Ministry of Education. After the departmenthead and PE teachers selected two classes at their
school, a researcher attended their PE lessons and
explained the risks and benefits of the study to the stu-
dents by distributing information sheets and informed
consent forms. They also had the opportunity to ask
questions about the study requirements prior to com-
pleting and signing an informed consent form. Students
were asked to pass the information sheets and informed
consent forms to their parents and discuss their partici-
pation in the study with them. Students who gave their
consent and returned the informed consent forms signed
by their parent were eligible to participate in the study.
Parents who consented were asked to complete a brief
demographics and socioeconomic status questionnaire.
Students who did not return the signed informed con-
sent forms or could not participate in PE lessons were
excluded from the study. They participated in PE lessons
together with their classmates, but did not do any tasks
for the study.
The pilot study by Chatzisarantis et al. [21] reported
that their TPB-based intervention with mixed (between
and within-subjects) design had a small effect on adoles-
cents’ PA participation (ƞp
2 = .01) and large effects on
their beliefs (ƞp
2 = .15). Therefore, a conservative small ef-
fect size of ƞp
2 = .02 (f = .14) was adopted to calculate the
total sample size with G*Power version 3.1.9.2 [22]. It
was estimated that a sample of 174 participants was re-
quired to achieve a power of .90 at the alpha level of .05
for the repeated within-subjects analysis of 6 groups
(2 classes at three schools) and 6 measurement points
(3 measurement points in two conditions).
Procedure
Prior to the commencement of the study in each condi-
tion, students’ body compositions (e.g., height, body
mass and body fat percentage) were measured at their
school. Height was measured using a ruler attached to
the wall to the nearest 0.5 cm, body mass and body fat
percentage were measured with a body composition
monitor (Omron Karada Scan: HBF-362). Students were
also asked to complete a demographics sheet and a set
of self-report measures of leisure-time PA and psycho-
logical variables (Pre-Baseline). After completing the
Fig. 2 Flow of study design
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GENEActiv (Original) accelerometer (Activinsights Ltd,
Cambridgeshire, UK) on their non-dominant wrist for
one week to objectively measure frequency and intensity
of their PA level (Baseline). When students returned the
accelerometer, they were also asked to complete another
set of the same self-report measures (Baseline). Subse-
quently, students spent four weeks in the control or
intervention condition. During the 4 weeks, an interven-
tion program was conducted in PE lessons in the inter-
vention condition. After the 4 weeks, students were
requested to wear the accelerometer again for one week
across two occasions (Post 1 and Post 2) with a 4 weeks
interval period in between before measuring their body
compositions and completing the same set of self-report
measures. Students’ height, body mass and body fat per-
centage were measured at three occasions (Pre-Baseline,
Post 1 and Post 2) in each condition (see Fig. 2).
Intervention and fidelity check
PE lessons were conducted twice a week over 4 weeks in
both control and intervention conditions. In the control
condition, PE teachers encouraged students to partici-
pate in PA during leisure time without deliveringpersuasive messages in PE lessons. An intervention pro-
gram was implemented after the control period was over
(see Fig. 2).
Prior to the intervention period, PE teachers were
trained on how to deliver persuasive messages through a
3-h workshop. During the workshop, PE teachers were
encouraged to express their concerns about delivering
persuasive messages, researchers addressed those con-
cerns to assist PE teachers to conduct the intervention
at a sufficient level of proficiency. The persuasive mes-
sages targeted salient information related to the benefits
and barriers associated with PA, which were identified
based on the results of surveys conducted for students
at Pre-Baseline in the control condition. Some examples
of salient benefits were “health benefits”, “improving
physical skills and fitness”, “fun and socialization” and
“recommended physical activity level”, whereas salient
barriers were “lack of time”, “lack of facilities or equip-
ment”, “feeling tired” and “weather”.
In the intervention condition, PE teachers delivered
the persuasive messages that targeted the salient benefits
and barriers associated with PA at the last 5 to 10 min
of each PE lesson. After PE teachers delivered the per-
suasive message, students were asked to answer a
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explain briefly how do you know that MVPA improves
your fitness levels?”). Researchers evaluated PE teachers’
fidelity of the interventions with a checklist (e.g., “The
PE teacher provided clear instructions on this session’s
message”) on a scale ranging from 1 (not at all) to 5
(very much).
Outcome measures
Students’ BMI were calculated based on their height and
body mass, and overweight or obese students were identi-
fied based on Cole et al.’s classification [23]. Students’ PA
levels were measured objectively with GENEActiv (Ori-
ginal) accelerometers configured at 100 Hz, and subject-
ively with the International Physical Activity
Questionnaire [24] (e.g., “During the last 7 days, how
many days did you do vigorous physical activities?”),and
the Leisure-Time Physical Activity Participation Question-
naire [25] (“How often did you do any regular activity long
enough to sweat last week during your leisure time?”) on a
8-point scale ranging from 0 (none) to 7 (every day).
Students’ attitudes, intentions, subjective norms and
perceived behavior control towards leisure-time PA were
measured with a questionnaire based on the constructs
from the TPB. Attitudes were assessed through five
items with bipolar adjectives (enjoyable/unenjoyable,
good/bad, useful/useless, interesting/boring, and benefi-
cial/harmful) on a 7-point semantic differential scale
[26]. Behavioral intentions were assessed with three
items (e.g., “For the next 4 weeks, I intent to do vigorous
physical activity for at least 3 times [at least 30 minutes]
per week.”) based on a 7-point scale ranging from 1 (un-
likely) to 7 (very likely) [19]. Subjective norms were
assessed through three items (e.g., “Most people who are
important to me think I should do vigorous physical
activity for at least 3 times [at least 30 minutes] per
week for the next 4 weeks.”) based on a 7-point scales
ranging from 1 (strongly disagree) to 7 (strongly agree)
[21]. Perceptions of behavior control were measured
using three items (e.g., “I feel in complete control over
doing vigorous physical activities for at least 3 times [at
least 30 minutes] per week for the next 4 weeks.”) based
on 7-point scale ranging from 1 (completely false) to 7
(completely true) [19].
Participants were also asked to compare intention,
determination and willingness to engage in another
activity during their leisure time with vigorous PA and
answer three questions (e.g., “How much do you intend
to do the other activity for at least 30 minutes, 3 times a
week for the next 4 weeks during your leisure time?”)
based on a 7-point scale, ranging from 1 (not at all) to 7
(very much).
Goal conflict and facilitation were assessed through
five items (e.g., “To what extent is the other activitylikely to prevent you from doing vigorous physical activ-
ity for at least 30 minutes, 3 times a week for the next 4
weeks during your leisure time?”) based on a 7-point
scale ranging from 1 (not at all) to 7 (very much).
Data analysis
To examine the first research hypothesis (H1), a 2 (type
of conditions: control vs. intervention) × 3 (measurement
points: Baseline, Post 1 and Post 2) repeated ANOVA
will be conducted on students’ MVPA levels. The second
hypothesis (H2) will be examined through a 2 (type of
conditions: control vs. intervention) × 3 (measurement
points: Pre-Baseline, Post 1 and Post 2) repeated
ANOVA on students’ BMI levels. A path analysis will be
conducted to examine the third hypothesis (H3) with
Mplus (Version 8) [27]. Student’s age, gender, socio-
economic status, and prioritization of PA together with
fidelity of intervention programs will be included as
covariates in the analyses. Furthermore, correlation ana-
lyses will be conducted to examine the relationships
between the subjective and objective measures of PA.
A cost effectiveness analysis of the program will also
be conducted by focusing on the incremental cost-
effectiveness of the intervention condition compared to
the control condition. Incremental cost-effectiveness
ratios will be calculated in terms of the incremental cost
per unit BMI reduction. Differences in BMI between
different measurement points (Pre-Baseline, Post 1 and
Post 2) will also be calculated. Height will be added as a
covariate in the analyses in order to account for the
growth change in height over the data collection period.
Incremental cost-effectiveness ratios will be calculated
using standard techniques coupled with bootstrapping
methodology and acceptability curves [28]. Through
these analyses, it will provide information about the
probability that an intervention is cost-effective.
Discussion
Regular participation in MVPA is well recognized as an
important strategy to help manage obesity [1]. PE is con-
sidered to play an important role in promoting lifelong
PA participation because it provides an existing network
where cost-effective interventions can be implemented
to produce sustainable change in health behavior [3–6].
However, the relationship between compulsory school
PA (e.g., PE lessons) and body composition levels has
received mixed support in the literature [9–11]. A grow-
ing body of literature shows that theory-based interven-
tions produce more sustainable changes in leisure-time
PA when compared to interventions that are not based
on theory [14]. Intervention programs based on the TPB
were found to be effective in promoting PA [15–18].
However, only a few studies have been conducted to test
the effectiveness of the TPB in promoting PA during
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gaps in literature, this study was conducted to develop
cost-effective novel procedures according to the previous
TPB-based intervention studies and investigate the ef-
fectiveness of a school-based intervention that targeted
salient PA benefits and barriers on promoting secondary
students’ leisure-time MVPA as well as reducing BMI of
overweight students.
The current study will make a unique contribution to
literature by addressing the following research issues.
First, it will provide a rigorous test of the effects of a PA
intervention on BMI because reductions of BMI are
more likely to be observed when individuals engage in
MVPA over a prolonged period of time. Establishing a
link between school-based intervention programs and
BMI is an important finding because the association re-
ceived mixed support in previous studies [10, 11]. The
cost-effectiveness analysis in the current project is also
novel because previous studies have not compared the
effectiveness of TPB-based school interventions against
costs [20, 21].
Apart from establishing a link between school-based
intervention programs and BMI, the present study will
advance scientific knowledge. Ajzen [19] originally stated
that the TPB was designed to predict or motivate behav-
iors and not necessarily behavioral outcomes such as
BMI. In this study, however, we consider BMI as a
health outcome that is affected by the school-based
intervention program. Hence, if the current intervention
is found to be effective in reducing BMI (via PA partici-
pation), then such a finding would show that the impact
of the TPB could be extended to behavioral outcomes
such as BMI.
Furthermore, the effectiveness of the school-based
intervention program on promoting the participation in
MVPA during leisure time will be rigorously examined
by using objective PA data measured by the accelerome-
ters as well as by assessing the fidelity of interventions
provided by PE teachers. The self-reported measures
were used in the previous TPB-based studies with ado-
lescents [20, 21]. As the MVPA level was measured with
both objective and subjective measures, the effectiveness
of the present TPB-based intervention program on pro-
moting the leisure-time MVPA level will also be com-
pared with the previous TPB-based studies. In doing so,
PA measurement issues between objective and subjective
instruments can also be addressed in the current study.
Implications of study findings
The findings of this study would have significant contri-
bution for schools and physical educators to manage
obesity through promoting regular MVPA participation.
This is important because it will address the challenges
faced by teachers and health professionals in motivatingchildren to engage in PA via school-based interventions.
If the intervention program is effective in increasing PA
participation relative to the control condition, the
present research project could have important implica-
tions for education because such a finding would indi-
cate that it is possible to maximize effectiveness of
existing school programs (e.g., PE lessons) through brief
intervention sessions that can be easily incorporated in
lessons. This is a significant implication, considering that
school programs are not always effective in promoting
sustained leisure-time PA participation [9]. Finally, the
cost-effectiveness analysis will also provide important
information to policy-makers about whether the current
intervention program is valuable economically.
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